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One of the modifications of the upper limb 
neural tissue tension test (Butler 1987) 
sequences the movements of scapula 
depression, elbow extension, glenohumeral 
internal rotation, forearm pronation, wrist and 
finger flexion or extension and glenohumeral 
abduction. This test is used in the clinical 
situation but no normative data have been 
established. Fifty normal subjects were tested 
for the norma\sensory responses and for the 
range of glenohumeral abduction in both a wrist 
and finger flexion and extension position. 
For both tests, approximately 40 degrees of 
glenohumeral abduction was available in the 
final positions. Gender and side tested did not 
influence results. The test using wrist and 
finger flexion mainly produced a Strong painful 
stretch over the radial aspect of the proximal 
forearm and elbow. In contrast no single area 
was predominant for the test using wrist and 
finger extension. Knowledge of these normal 
responses is necessary for clinical decision 
making of abnormality. 
[Vaxley GA,Jull GA: A modified upper 
limb tension test: An investigation of responses 
in normal subjects. Australian Journal of 
Physiotherapy 37: 143-152 1991] 
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ORIGINAL ARTICLE 
A modified upper 
limb tension test: 
An investigation of responses 
in normal subjects 
.y he clinical significance of 
increased tension or interruption 
of free movement in neural tissues 
is well recognized in low back and leg 
pain syndromes. The straight leg raise 
is now a classical test for these 
problems (Apley 1977, Breig 1978, 
Troup 1986). A parallel occurs in the 
upper limb where it has been shown 
that movements of the shoulder girdle 
and joints of the upper limb require 
thatneural tissues (particularly the 
connective tissue elements) move, 
mould and extend in length (McLellan 
and Swash 1976, Pechan aridJulis 
1975, Sunderland 1978). 
It is only in comparatively recent 
times, that a clinical test has been 
devised to test the neural tissue 
complex of the brachial plexus and its 
cervical nerve roots for their 
involvement in neck and npper limb 
pain (Elvey 1983). This upper limb 
tensipn test (UL TI) involves the 
application of an ordered sequence of 
movements to the scapula and upper 
limb (fable 1). In addition, . 
movements such as contralateral 
cervical lateral flexion can be added to 
the test position to gain a more 
sensitive response to the test and 
confirm neural tissue involvement 
(Elvey 1983, Kenneally 1985). 
Research has been undertaken to 
investigate theeffect$ of some of the 
upper limb and girdle movements on 
movement and tension in the cervical 
nerve rootS, . cords of the brachial 
plexus and peripheral nerves of the 
upper limb. There is evidence that 
shoulder girdle depression, 
glenohumeral abduction and possibly 
elbow extension place tension on 
especially the Cs and C6 nerve rootS 
and the lateral cords of the brachial 
plexus (Davidson et al 1981, Elvey 
1979, Ginn 1987, Landers 1987, Reid 
1987, Sunderland 1978). Within the 
upper limb, the greatest excursion of 
the median nerve appears to be 
associated with wrist and finger 
extension (McLellan and Swash 1976). 
Although not researched 
comprehensively, it could be predicted 
that wrist and finger flenonwould 
tension the radial nerve as it lies on the 
posterior aspect of the forearm. 
Dellon and Mackinnon (1986a and b) 
in a local observation, found that the 
combination of wrist flexion and ulnar 
deviation put traction on the 
superficial sensory branch of the radial 
nerve. 
. Several clinical studies have already 
shown reproduction of patient's upper 
lirrib symptoms by the UL TT 
procedure indicating that adverse 
mechanical tension in the neural 
system may have a significant role in 
several musculoskeletal conditions 
(Elvey et a11986, Quintner 1989, 
1990). 
In 1987, Butler modified the nature 
and sequence of the test movements of 
the original UL TT in response to his 
observations of work postures of 
patients suffering from repetitive strain 
injury (&51). He considered that such 
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Table 1. 
The movements and sequence of the ULTT and a modified ULTT 
UL'IT (Elvey) A modified UL'IT (Buder) 
1. Shoulder girdle 1. Shoulder girdle 
depression depression 
2. Glenohumeral abduction 2. Elbow extension 
(behind the coronal plane) 
3. Glenohumeral external 3. Glenohumeral internal 
rotation rotation 
4. Forearm supination 4. Forearm pronation 
5. Elbow extension 5. Wrist and finger 
flexion/extension 
6. Wrist and finger 6. Glenohumeral abduction 
extension 
* Cervical contralateral lateral flexion can be added to both test 
positions to further increase the tension on neural structures. 
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modifications to the UL TT may be 
more sensitive than the original 
UL TT in certain arm pain patients or 
that an RSI patient may have their 
symptoms reproduced with one test 
and not the other. Table 1 details the 
sequence of one such modification. 
There are many different sites 
throughout the upper limb and neck 
complex where neural tissue can be 
vulnerable to inflammation, friction or 
entrapment. These include soft tissue 
or osseus tunnels (eg the radial tunnel, 
the carpal tunnel, the intervertebral 
foramen), where nerves branch or 
where the nervous system is relatively 
fixed (eg where the radial nerve is 
tethered to the head of the radius) 
(Sunderland 1978). 
It is not correct to assume that a 
painful response to either of the 
UL TT manoeuvres is pathologic. 
Neural tissue elements have their own 
inherent innervation. The ventral dura 
mater and nerve root sleeves are 
supplied bythesinuvertebral nerve 
(Bogduk et alI981). The peripheral 
nerves are supplied by special nerves, 
the nervi nervorum, which originate 
from the perivascular plexuses and 
fibres in the nerve (Hromada 1963). 
Bothisympametic and sensory fibres 
are represented in the nervi nervorum 
(Sunderland 1978, 1989). As pain can 
be induced by placing normal muscle 
on full stretch, so it can be expected 
that pain will be produced by placing 
the elements of neural tissue on full 
stretch. 
Kenneally (1985) investigated the 
symptomatic response to the original 
UL TT of Elvey in 100 normal, 
painfree subjects. Both genders were 
studied and subjects were in the age 
ranges of ages 18 to 3q years and 50 to 
67 years. He documented that in the 
test position (for either arm, gender or 
age) nearly 80 percent of subjects 
reported a deep stretch or ache 
sensation in the cubital fossa, 
extending down the anterior and radial 
aspects of the forearm and into the 
radial side of the hand. A tingling 
sensation in the thumb and three 
lateral fingers was often reported. This 
normative response has been supported 
in other studies {Bell 1987, Landers 
1987, Rubenach 1985). Kenneally 
(1985) concluded that this distribution 
of sensation correlated well with the 
dermatomes of the Cs' C 6 and C7 nerve 
roots and proposed that neural tension 
developed with this manoeuvre was 
maximal at these levels. 
No studies to date have investigated 
the normal response of the neural 
tissues to full stretch when tested with 
the modified UL TT's of Buder. Hit is 
proposed that these tests move and 
apply tension to different parts within 
the neural tissue tract and that patients 
may have unique responses to these 
tests, then it is invalid to extrapolate 
from Kenneally's (1985) data for the 
modified UL TT's. For this reason, a 
study was undertaken to determine the 
normal sensory response and the range 
of glenohumeral abduction available 
when the neural tissue tract was placed 
under tension using one of Buder's 
modified tests (Table 1). Furthermore, 
such data are required before valid 
studies on patient samples can be 
undertaken. 
Method 
Subjects 
Fifty normal subjects (25 females and 
25 males) were examined in this study. 
They were included if they were right 
hand dominant and between the ages 
of 18 and 30 years. Subjects were 
drawn from different sources 
(University staff and students) to 
minimise any possible bias due to 
activity levels or occupation. 
Subjects were excluded from the 
study if they had any history of 
cervical, shoulder, elbow, wrist or hand 
pain or trauma that had required 
treatment or interrupted their normal 
daily activities. Additionally, they were 
rejected from the study if they had 
suffered any central or peripheral 
nervous system disease or systemic 
arthritides. Subjects were also liable to 
exclusion if the pre-test screening 
movements of cervical spine quadrant, 
glenohumeral abduction and hand 
behind back, elbow extension, wrist 
flexion/extension or finger flexion/ 
extension elicited other than a painless 
or a normal·symmetrical (left, right) 
stretch sensation. 
Apparatus and measurement 
The modified UL TT used in this 
study is an ordered combination of 
shoulder girdle deptession,elbow 
extension, glenohumeral internal 
rotation, forearm pronation, wrist and 
finger flexion Or extension followed 
lastly by glenohumeral abduction. 
Several pieces of data were collected 
from each subject. The range of 
glenohumeral abduction available in 
the final test position for each test on 
each arm was measured using a 
standard goniometer. The abduction 
range was obtained by placing one arm 
of the goniometer from the centre of 
the humeral head to the centre of the 
lateral aspect of the elbow (at the level 
of the elbow joint), and the other arm 
parallel to the trunk (Figure 1). 
The sensory responses were 
documented at several times during the 
test procedure. Prior to performing 
the UL TT, the sensory response was 
recorded when the wrist and finger 
extensor muscles were stretched by 
flexing the fingers and wrist with full 
elbow extension and pronation. 
Likewise the response was recorded 
when the wrist and finger flexor 
muscles were stretched by extending 
the fingers and wrist with full elbow 
extension and supination. The 
positions for these muscle stretches 
were those assumed for the elbow, 
forearm, wrist and fingers in the 
UL TT positions except that the 
shoulder girdle remained relaxed and 
the upper arm rested by the subject's 
side. This allowed for later 
differentiation between the sensation 
perceived on a muscle stretch and the 
sensation perceived in the final neural 
test positions. 
Sensory responses were also 
documented at three times during each 
test procedure. They included the 
responses on initial application of 
shoulder girdle depression (recorded 
only once for each side), when the 
range of available glenohumeral 
abduction had been achieved in the 
final test position and the response of 
the addition of the sensitizing 
movement of contralateral cetvical 
lateral flexion m the final test position. 
This information was recorded on a 
body chart by an assistant. 
Procedure 
Before a subject's admission into the 
study,thepre-testscreening move-
ments were performed on the cervical 
spine and the joints of both upper 
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limbs to eliminate these structures as 
possible sources of response sensations. 
IT these were normal, the subjects then 
formally consented to enter the study. 
Prior to application of the test, 
several procedures were undertaken. 
The wrist and finger flexor and 
extensor muscles were placed on 
stretch. Reference points for the 
goniometer were marked on the arm. 
The subject was positioned in supine 
With the side to be tested close to the 
Figure 1: (left) 
Measurement of the range of glenohumeral 
abduction in the final test position. 
Figure 2: (below) 
The final position of the modified UL TT 
using wrist and finger flexion. 
edge of the plinth, allowing the 
shonldergirdle to be depressed by the 
examiner's thigh. To ensure that the 
subject felt stable and did not aSsume a 
position to compensate fora change in 
neural tissue tension, seatbelts were 
secured around the hips and thorax to 
prevent lateral movement of the trunk 
(Figure 2). A padded 5mm metal block 
was positioned against the side of the 
head to prevent cervica1lateral flexion 
towards the test side. In addition, with 
.. 
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the cervical spine in neutral, a velcro 
strap was placed from the spinous 
process of Cz and fastened across the 
chin to prevent cervical extension 
(Figure 2). 
During the test procedure the 
subjects were instructed to keep their 
eyes fixed on a spot on the ceiling to 
help eliminate cervical rotation or 
lateral flexion. A sphygmomanometer 
cuff was inserted between the 
examiner's thigh and the subject's 
upper shoulder to ensure the examiner 
could visually monitor that a constant 
depression pressure was applied 
between the two tests (Figure 2). 
In this study, the test was applied 
twice to each arm. One test employed 
wrist and finger flexion and the other, 
wrist and finger extension (a total of 
four tests per subject). The application 
of the test procedure was alternated 
from side to side between successive 
subjects. It was also alternated for the 
initial application of the wrist and 
finger flexion or extension test to avoid 
any effect of a sequential stretch. 
Before testing, the arm was held in 
the final position for the two tests for 
15-20 seconds at a time and then 
returned down by the subject's side. 
The aims of this pre-stretch procedure 
were to familiarize the subject with the 
test as well as to give some 
preconditioning stretch to the tissues 
in each position. The formal test 
procedure was then conducted. 
The shoulder girdle was depressed to 
the end of range and any sensations 
felt, and their location, were recorded. 
The shoulder girdle component was 
maintained and the other test 
movements, as previously described, 
were added passively until the end 
range ofa firm maximal tissue 
resistance was achieved (Figure 2). In 
the final test position the assistant 
measured the range of glenohumeral 
abduction (Figure 1). The subject was 
then instructed to laterally flex the 
cervical spine to the opposite side 
ensuring no cervical rotation occurred 
and :any effect on arm sensations was 
recorded. The subject's arm was then 
r~turried to down by their side and a 
146~'~ VOL 37, ~~O 3, 1 Y91 
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Table 2. 
The results of ANOVA for the effects of gender. side tested and wrist position on 
the av~ilabfe range of glenohumeral abduction in the final modified ULTT position. 
Soutee df 
BETWEEN SUBJECTS 
Gender 1 
Error (a) 48 
WITHINSUB]ECTS 
Side 1 
Wrist position 1 
Gender by wrist position 1 
Gender by side 1 
Side by wrist position 1 
Error (b) 145 
. *p < 0.005 
*** P < 0.001 
detailed description of the nature and 
area of symptoms felt was recorded. 
The test was then repeated on the 
same side using the opposite wrist and 
finger position to the first test. The 
other arm was tested in a similar way. 
Reliability and repeatability 
An interexaminer reliability trial was 
conducted between the examiner of 
this study and a specialist manipulative 
physiotherapist to establish the 
accuracy of the examiner in applying 
the test. The modified UL'IT was 
applied to both arms of five subjects 
using wrist and finger flexion and 
extension. The assistant measured the 
ranges of glenohumeral abduction 
obtained by the two examiners (as per 
the procedure). The mean range of 
abduction measured by the examiner in 
the final test positions was 38.23± 4.37 
degrees and that of the specialist 
manipulative physiotherapist, 38.30 ± 
3.99 degrees. An ANOVA revealed 
that there was hO significant variation 
between the two testers (F(l,13Z) = 0.00, 
p= 0.949). 
An interexaminer repeatability trial 
was conducted on five subjects. Each 
subject had both arms tested. The two 
F P 
0.01 0.919 
0,.13 0.721 
18.01 <0.001 *** 
0.07 0.799 
0.02 0.878 
5.06 0.026 * 
different test positions for the modified 
UL'IT were examined and measured 
three times on each arm, in each 
subject. The mean ranges of 
glenohumeral abduction obtained in 
each trial were: 
.A Trial 1 - 38.25 ± 4.56 degrees; 
.A Trial 2 - 38.25 ± 4.25 degrees; 
.A Trial 3 - 38.20 ± 4.67 degrees. 
The results of an ANaVA indicated 
that there was no significant difference 
in measurement between the trials 
(F(Z 51) = 0.00, P = 0.999) indicating that 
the' examiner could reproduce the 
measurements repeatedly. 
Results 
An ANaVA (split-plot design) was 
chosen to investigate whether the 
variables of subject gender, the side 
tested or the wrist position adopted in 
the final test position influenced the 
final range of glenohumeral abduction. 
Where a significant effect existed, a 
post-hoc analysis (t test) was planned 
to investigate the differences identified. 
The results of the ANaVA (fable 2) 
revealed that overall, the range of 
glenohumeral abduction available in 
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Table 3. 
The means and $landard deviations (shown in parenthesis) of available 
glenohumeral abduction range comparing tile side fe$led and wrist position for all 
subiects. . . 
RANGE OF GLENOHUMERAL ABDUCTION (in degrees) 
Right Ann 
Wrist flexion 40.94 
(±3.81) 
Wrist Extension 43.48 
(±4.55) 
Side 42.21 
(±4.36) 
the final UL'IT position was not 
significantly influenced by the gender 
of the subject (p = 0.919) or whether 
the left or right arm was tested 
<.p =: 0.721). However, the analysis did 
mdicatethattheamount of 
glenohumeral abduction range was 
dependent on whether the test was 
performed with the wrist and fingers 
flexed or extended (p < 0.001). 
Additionally, there was a significant 
interaction of side tested and wrist 
position implying that for some 
measures of glenohumeral abduction, 
the range did vary depending on which 
side and in which wrist and finger 
position the test was performed 
(p = 0.026). 
Left Ann Wrist position 
41.96 41.45 
(±4.27) (± 4.06) 
42.74 43.11 
(±4.57) (±4.55) 
42.35 
(±4Al) 
degrees (Table 3). 
The sensory responses 
Pretest assessment 
When the wrist and fmger extensor 
muscles were placed on full stretch 
prior to the performance of the 
modified UL'IT, a slight stretCh was 
reported in 77 of 100 cases in the 
locations displayed in Table 4. Full 
stretCh of the wrist and finger flexor 
muscles produced no response in 99 of 
100 cases. 
Response to shoulder girdle 
d~pression 
On the application of shoulder girdle 
depression (to either the right or the 
left arm), only 11 of the 100 
Table 4. 
procedures elicited any sensation. A 
stretch sensation was found to be 
located in the upper trapezius (five 
cases), deltoid (four cases),biceps 
brachii ( one case) and lateral 
epicondyle (one case). No subject 
reported any symptoms below the 
elbow with this movement. 
Response in the final modified 
UL TI positions 
An initial review of the sensory 
~es~onses reported by subjects 
mdIcated that there was variability in 
response both between the two test 
positions (ie whether performed with 
wrist and finger flexion or extension) as 
well as differences in the area ·of 
sensory symptoms reported within the 
one test. The responses of the two test 
positions were treated separately and 
within each test similar responses were 
grouped. 
Modified UlTI with wrist and 
finger flexion 
':fhe nature of the sensory response to 
this test was predominantly that of a 
strong stretching pain. Only two 
incidences of numbness and seven 
incidences of pins and needles were 
recorded in 100 tests. The sensory 
responses could be grouped into one of 
three categories. 
Area 1 A strong painful stretch over 
the radial aspect of the proximal 
forearm (88 per cent of right arm 
responses, 80 per cent of left arm 
responses) (Figure 3). This proximal 
Post-hoc analyses showed that there 
was a greater difference in the mean 
range.of glenohumeral abduction in 
the right arm when the test was 
performed with wrist and finger 
extension as compared with wrist and 
finger flexion (t(145) = 4.58,p < 0.001). 
However, there was no significant 
difference evident for the tests 
Locatiollof responses for stretch'" the wrist and finger extensor mustles. 
performed on the left arm (t = 1 41 P > 0.05). (145) . , 
Overall the mean range of 
glenohumeral abduction available for 
the modified UL IT when performed 
with wrist and finger extension was 
43.11 ±4.55 degrees. When 
performed with wrist and finger 
flexion, the range was 41.45 ± 4.06 
1. 
2. 
3. 
4. 
5. 
Location of response 
No response 
Posterior wrist 
Radial aspect of proximal forearm 
Radialaspeci: of distal forearm 
Radial· aspect of proximal forearm and 
posterior wrist 
Total 
Right Left 
10 13 
23 18 
9 11 
7 5 
1 3 
50 50 
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forearm stretch was often accompanied 
by a stretch pain in a second region: 
lateral aspect of upper arm (32 per 
cent), or biceps brachii (14 per cent), 
or dorsal aspect of hand (over the 
second, third, fourth and/or fifth 
metacarpals) (12 per cent). Values of 
the right and left upper limbs have 
been combined in presenting this 
additional area of symptoms. 
Area 2 A strong stretch in the biceps 
brachii and occasionally a stretch over 
the dorsal aspect of the third, fourth 
and fifth fingers (10 per cent of right 
arm responses, 14 per cent of left arm 
responses). 
Area 3 Any other response markedly 
different from the above eg stretching 
pain over the ulnar aspect of the 
forearm or in the distal part of the 
radial aspect of the forearm (2 per cent 
of right arm responses, 6 per cent of 
left arm responses). 
Modified ULTT with wrist and 
finger extension 
Different sensory responses resulted 
from the final position of this test. 
There was no one predominant 
response amongst the subjects in this 
study. Responses again could be 
grouped into one of three categories 
and a fourth category was created to 
record miscellaneous responses (Figure 
4). The nature of the sensory response 
to this test was either a pain or a 
stretch. Additionally, pins and needles 
were recorded in 19 of the 100 cases. 
Area 1 A sharp pain (often described 
as burning) along the ulnar aspect of 
the proximal forearm and elbow which 
often radiated into the palm or into the 
second, third, fourth and/or fifth 
fingers (44 per cent of right arm 
responses,40 percent of left arm 
responses). A tingling sensation was 
found in these fingers in 25 percent of 
this category. 
Area 2 A pain down the centre of 
the ventral aspect of the forearm often 
spreading into the palm or second, 
thirdand/or fourth fingers (24 of right 
arm responses, 22 per cent of le·ft arm 
responses), 
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Strong 
painful 
stretch 
Figure 3: The most common sensory response of normal subjects to the final 
position of the modified UL TT using wrist and finger flexion. (84% of all responses. 
left and right arms combined'. 
Area 3 A painful stretch over the 
lateral aspect of the proximal forearm 
and upper arm (20 per cent of right 
arm responses, 34 per cent of left arm 
responses). 
Area 4 Any other response markedly 
different from the above - in particular 
a strong painful stretch in the centre of 
the posterior upper arm (12 per cent of 
right arm responses, 4 per cent of left 
arm responses). 
Contingency tables were used to test 
for any association between sensory 
response andgendet, and sensory 
response and the side tested. Analysis 
showed that the sensory response 
obtained with the modified UL IT 
using either test position was not 
influenced by the gender of the subject 
or by the side tested. 
Response to contralateral 
cervical lateral flexion 
An increase in arm symptoms was 
reported in 86 per cent of subjects for 
the right arm and in 90 per cent of 
subjects for the left arm when 
contralateral lateral flexion was 
performed in the final test position of 
wrist and finger flexion. Similarly, 78 
per cent of subjects for the right arm 
and 80 percent of subjects for the left 
arm experienced an increase in arm 
symptoms for the test using wrist and 
finger extension. The remainder of 
subjects showed no change in arm 
symptoms when lateral flexion WaS 
performed. 
Discussion 
The mean range of glenohumeral 
abduction in theSnaI test position as 
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documented in this study was 43.11 ± 
4.55 degrees when the test was 
performed with wrist and finger 
extension and 41.45 ±4.06 degrees 
whenperfonned with wrist and finger 
flexion. Although the difference in 
abduction range between these two 
tests was statistically significant, the 
difference in range (approximately two 
degrees) is probably not clinically 
relevant. The abduction range 
obtained with either test was not 
influenced by the gender of the subject 
or which side was tested. This latter 
finding is in agreement with that of 
Pullos (1985) who found that normally 
there is no difference between sides in 
the available range of elbow extension 
in the final position ·of the original 
ULTT. 
The normal sensory response to 
the modified UL IT 
Sensory response to shoulder 
girdle depression 
Ithas been suggested that shoulder 
girdle depression is one of the 
fundamental movements that tensions 
the cervical nerve roots and brachial 
plexus (Ewing 1950, Landers 1987, 
Sunderland 1978). The findings of this 
study suggest that the force applied 
with this component of the test alone 
does not stress the neural tissue of the 
neck and upper limb sufficiently to 
reliably evoke symptoms. Only 11 of 
the 100 tests produced any sensation 
when this movement was applied to 
either ann and in every case the 
sensory response was markedly 
different to that of the final test 
position. Of these 11, five cases were 
probably due to stretch of the upper 
trapezius. The remaining cases may 
have been due to some stress on the 
neural tissue tract. 
Sensory response to the final 
positions of the modified UlTT 
The sensory responses in the final 
test positions of this modified UL TT 
were independent of the subject 
gender and the side tested. Kenneally 
(1985) reported the same 
independence in his study investigating 
the responses of the original UL TT. 
However, both final positions of the 
modified UL TT produced different 
areas of sensory responses from those 
documented for the original UL TT. 
A further difference between the two 
procedures was that there were very 
few incidences of pins and needles 
reported by subjects in this study. 
These results could be evidence that 
neural tissue is subjected to tension at 
different sites, moved in other ways or 
that the total tension created between 
two test manoeuvres is different, 
supporting Butler's (1987) observations 
that there can be dissimilar responses 
to the two tests in patients with ann 
pain. 
In discussing the possible inter-
pretation of the sensory responses 
obtained from subjects in the final test 
positions in this in-vivo study, it is not 
possible to state unequivocally that the 
sensory responses were derived 
uniquely from neural tissue structures. 
The end range test positions could be 
expected to also place variable amounts 
of stretch on articular structures, 
muscles and their fascia. However to 
the authors' knowledge, no studies. 
have investigated the concept that the 
superficial and deep layers of muscle 
fascia in the cervical region and whole 
upper limb are, anatomically and 
biomechanically, an interdependent 
continuous tissue tract as is the case 
with neural structures. 
While not being able to dismiss a 
contribution to the symptoms from 
increased fascial tension in the final 
testpositioil,the findings of this study 
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would suggest that the sensations 
produced were derived principally 
from increased tension in the neural 
tissues. This is based on the findings 
that the area and quality of the sensory 
responses in the final test position of 
for instance, elbow extension, 
pronation, wrist and finger flexion 
were quite different to those reported 
when the extensor muscles and their 
fascia alone were placed on full stretch 
in the preliminary tests (Table 4). 
Additionally, the increase in arm 
symptoms with the addition of the 
sensitizing manoeuvre of contralateral 
cervical lateral flexion, can be more 
readily supported anatomically on the 
basis of increased tension in the 
continuous neural tissue tract. 
Therefore at this stage of our 
knowledge, emphasis here will be 
placed on interpreting sensory 
responses in terms of possible increases 
in neural tissue tension. 
In documenting the sensory 
responses to this modified UL TT, it is 
notable that different areas were 
reported when the test was performed 
with wrist and finger flexion and 
extension. 
The most common sensory response 
for the modified UL TT using wrist 
and finger flexion was a strong painful 
stretch over the radial aspect of the 
proximal forearm (84 per cent of all 
test responses). This predominant 
stretch pain was often accompanied by 
a stretch pain in a second region: 
dorsum of the hand, lateral upper arm 
and biceps brachii (Figure 3). 
While Kenneally (1985) concluded 
that the distribution of sensations in 
the original UL TT correlated well 
with the dermatomal distribution of 
the Cs, C6 and C7 nerve roots, the 
nature ana location of symptoms 
reported with the modified ULTT 
with wrist and finger flexion did not fit 
into a·recognisable dermatomal 
pattern. In seeking an anatomical basis 
for the area of symptoms, it could be 
hypothesized that the modified UL TT 
using wrist and finger flexion exertS a 
traction On the peripheral nerve 
structures directly under the radial 
.aspect of th~ proximal forearm. It is in 
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this vicinity that the radial nerve enters 
the forearm and is in close contact with 
the radio-humeral joint. Here the 
nerve is tethered to the joint capsule 
by fascia and is bound anterolaterally 
by the fibrous edge of extensor carpi 
radialis brevis (ECRB) (Roles and 
Maudsley 1972). The radial nerve 
then divides and the deep branch of 
the nerve passes between the 
superficial and deep heads of supinator 
(Kopell and Thompson 1976, Snell 
1978, Sunderland 1978). At these sites 
the nervous system is relatively fixed 
and therefore vulnerable to the 
development of tension. The radial 
nerve may be compromised by the 
supinator being tant over the nerve in 
pronation and by the ECRB tightening 
in wrist and finger flexion. 
Other areas of painful stretch could 
accompany the predominant pain on 
the radial aspect of the proximal 
forearm (Figure 3). This could reflect 
simultaneous tension at other sites in 
the path of the radial nerve. The 
painful stretch over the dorsum of the 
hand may indicate stress on the 
superficial sensory branch of the radial 
nerve. This nerve travels under the 
tendon of the brachioradialis and 
supplies the skin on the dorsum of the 
hand and the dorsum of the lateral two 
and a half fingers (Snell 1978). Dellon 
and Mackinnon (1986a and b) 
proposed that during forearm 
pronation the extensor carpi radialis 
longus tendon crosses beneath the 
brachioradialis tendon creating a 
pinching of this nerve. 
The area of symptoms over the 
lateral upper arm may be due to 
tension more proximally on the radial 
nerve. Just below the deltoid insertion, 
the nerve pierces the lateral 
intermuscular septum and then comes 
anteriorly to the cubital fossa where it 
lies deep between the braclllalis and 
bracllloradialis muscles (Sunderland 
1978). . 
The area of painful stretch over the 
distal end of the bicepsbrachii (which 
could either accompany the 
predominant area over the radial 
aspect of the proximal forearm or in a 
few subjects be the main response to 
the test) cannot be explained in terms 
of the radial nerve. In contrast, it may 
suggest that in some individuals, the 
test causes tension on the median 
nerve possibly as it enters the cubital 
fossa under the cover of the bicipital 
aponeurosis. The argument against 
this proposal would be that McLellan 
and Swash (1976) noted that it was 
wrist and finger extension that caused 
the greatest excursion of the median 
nerve thus making it difficult to 
propose an acceptable neurally based 
reason for this stretch pain at this time. 
While it could be hypothesized that 
the modified UL TT with wrist and 
finger flexion in the main causes 
tension on the radial nerve in the 
proximal end of the forearm, it is more 
difficult to speculate anatomically on 
the results of the modified UL TT with 
wrist and finger extension. Most 
commonly the two versions of the test 
produced different areas of symptoms. 
Wrist and finger extension elicited 
one of three different areas of painful 
stretch (Figure 4). In 27 per cent of 
cases, the test with wrist and finger 
extension produced the same area of 
symptoms as those with wrist and 
finger flexion. 
In 42 per cent of tests with wrist and 
finger extension, pain was reported on 
the ulnar aspect of the proximal 
forearm and elbow often spreading 
into the palm or second, third, fourth 
and, or fifth fingers. The local pain at 
the elbow was predominant which 
could suggest ulnar nerve tension at 
this site. At the elbow, the ulnar nerve 
passes from behind the medial 
epicondyle through an opening 
bounded by the epicondyle, olecranon, 
medial collateral ligament of the elbow 
joint and by an aponeurotic band 
bridging the two heads of flexor carpi 
ulnaris (Sunderland 1978). Thisfibro-
osseus canalis a site where the nervoUS 
system is vulnerable to stress 
(Sunderland 1978). 
However, the associated spread of 
pain into the palm and aU fingers 
suggests more than peripheral 
involvement of the ulnar nerve which 
only innervates part of the fourth and 
fifth fingers. The test may 
simultaneously cause tension On neural 
tissue more proximally or it may also 
pick up the median nerve peripherally 
via anomalous neural anatomy. Such a 
situation was demonstrated by 
Guttman (1977) who found that 16 (25 
per cent) of the 63 patients with 
bilateral carpal tunnel syndrome had 
an anomalous median to ulnar nerve 
connection in the forearm. 
The ulnar nerve is a direct 
continuation of the medial cord of the 
brachial plexus (C8 and T, nerve roots). 
In 95 per cent of cases it picks up C7 
fibres in the axilla from the lateral cord 
of the brachial plexus (Last 1984) 
which may explain the spread of 
symptoms into the palm, second and 
third fingers. 
In another 23 per cent of tests with 
wrist and finger extension, the subjects 
reported pain in the centre of the 
ventral forearm and into the middle 
three fingers (Figure 4). This area 
probably identifies most closely to the 
dermatomal distribution of the C7 
nerve root. 
In summary, it seems that the UL TT 
with wrist and finger extension may 
cause tension on the neural tissue tract 
both proximally at the cervical roots 
and in the periphery, possibly mainly 
the ulnar nerve at the elbow. In 
contrast, the UL TT with wrist and 
finger flexion seems to predoPlinantly 
stress the radial nerve at the proximal 
end of the forearm. Such 
interpretations are speculative at this 
time but the results of this study do 
confirm differences between the 
mechanics of the modified UL TT 
examined in this study and the original 
UL TT as identified by different 
symptomatic responses. The results 
further highlight the need for more 
anatomical research into the 
composition and sequence of 
mo'Vements used in the modified 
UL TT. Only then will there be a 
better understanding of the 
pathoanatomical basis for the pain 
reproduction by these tests in a 
symptomatic population. 
Conclusion 
The results of this study indicat!:! that 
in a young adult population, ther!:! is 
normally.1) rang!:! ofappfoximately 40 
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degrees of glenohumeral abduction in 
the final test position of a modified 
upper limb tension test. When the test 
is performed with wrist and finger 
flexion, it is normal for a person to 
report a strong stretching pain on the 
radial aspect of the proximal forearm 
with some spread either proximally or 
distally. When wrist and finger 
extension is used in the test, the 
sensory response is more variable and 
may be reported either on the ulnar 
aspect of the elbow and forearm often 
radiating into the fingers, down the 
centre of the forearm into the middle 
three fingers or over the radial aspect 
of the elbow and proximal forearm. 
The area of sensory responses were 
different to those documented for the 
original UL TT suggesting that the 
modified UL TT does move or place 
tension on the neural tissue tract at 
different sites. Such observations 
gained from symptomatic responses 
need substantiation in further 
anatomical studies. 
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members of the Australian 
Physiotherapy Association identified 
one thing they could do to assist 
physiotherapists working in difficult 
circumstances, a great deal.could be 
achieved. For example, try establishing 
an outreach program between your 
faccility and a facility in Thailand, 
Indonesia or Malaysia. Club together 
and buy a subscription to the Journal 
for someone working in Papua New 
Guinea. There are a host of ways to 
get involved! If We make the effort, by 
the year 2000, the year by which the . 
World Health Organisation hopes to 
achieve its goal of "health for all", 
there is no doubt that the benefits of 
such assistance would be evident. 
The challenge is great but the 
profession already has a framework for 
sharing experiences. It is up to each of 
us to do our best to ensure that the 
physiotherapy services required to 
make "health for all" by the year 2000 
realisable, are made readily available to 
all the population of the world. 
